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(54) ARTIFICIAL MARBLE AND PROCESS FOR PRODUaNQ THE SAME 

(57) An ariaicia] maible Is herein disclosed which 

oomprises a polymer (A) of a radical polymerizable vinyl n 
oonpound. an Inorganic filler (B) having an average 
particle diameter of 1 |im or more, and a ccllokkl metal 
oxide (C) having an average particle diameter of 1 to 
100 nm, the metal oxMe (C) being uniformly dispersed 
in the slate of substantially primary particles in the poly- 
mer (^. The oofloidal metal oxide (C) can be urtfomily 
dispeised. whereby a high flame retardancy can be 
imparted to the artificial marble, and the inorganic com- 
ponents can be fflled in a higher ratio without impairing 
aesthetic properties peculiar to the artificial maible. 
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Dascilptlon 

TECHNICAL FIELD 

The present invention relates to an artif IdBl maifole In which an inorganto filler such as alununum hydroxide and a 
oxide Guch as colloidal silica are blended. More specrncally, it relates to an artfficial marble to which excellent 
lnGoni)iJstiblllfy is imparted without impairing aesthetic properties (transparent feeling, shielcfing properties and surface 
appearance) inherent in the artificial rnsMe and which is suitable for a building material. 

BACKGROUND ART 

The so-caOed artificial marbles prepared by blending a resin such as an acrylic resin or an unsaturated polyester 
resin with an inor^ic filter such as aluminum hydroxide or magnesium hydroxide has not only aesthetic properties 
similar to those of a natural stone but also oonvanienoes such as lightweight and a good worlcBbility; and lor these rea- 
sons, the artifidai maibles have rapidly been spread mainly as interior materials, particularly sanitary materials. 

In these artifice marbles, an inoi^B^lc hydrate which can also function as a flame retardant is blended in a high 
ratio, and therefore they are recognized to be a flameH'etaidant material under the Building Standards Act In Japan. 
However, the artificial marbles cannot be used in places where the employment of an incombustible material or a semi- 
inconi)i^ble material is required. 

For the purpose of solving this technical problen% there have be^ mar- 
bles Incontbustible by combining aluminum hydroxide with a ground natural stone or another Inorganic filler to blend the 
inorganic component In a high ratio and to relatively decrease a resin content (Japanese Patent Publication No. 
3029(V1977}. Furthermore, there have been proposed a comtunation of alumimim hydroxide and a-cristobalite for the 
purpose of improving a balance between transparency and whiteness of a molded artide (Japanese Patent Application 
Laid-open No. 226543/1985), a combination of aluminum hydroxUe and fine silica particles (thermally decomposed sil- 
ica) for the purpose of preverrtlng the sedimentation of inorganic materials (Japanese Patent Application Idaid-open No. 
285854/1991), and a combination of a methacrylic resin, aluminum hydroxide and &fica (quartz) for the purpose of 
improving workability and hot water resistance (Japanese Patent Application Laid-open No. 245661/1985). 

In any of these prior arts, however, as for the other organic filler which Is oonUned wHh the Inorganic hydrate, its 
particle diameter has a micrometer order, or even if the particle dteuneter of its primary particies has a nanometer order, 
the Inorganic filler has been used In a high cohesion state. In consequence, It has bean Impossible to simuHaneously 
impart the high ftanoe retardancy and the excellent aesth^c properties to the artificial maibies in addition, if a large 
amount of the inorganic component is blended at the time of manulMure, the viscosi^ of the mixture excessively 
increases. Accordingly, It Is practically difficult to blend the Inorgante oornponent In a high ratfa 

Therefore, in the conventional techniques, it is difficult to inpart the high flame retardancy to the artificial mait)les. 
while the occeDent aesthetic properties of the artificial marUes are malnftalned. 

DISCLOSURE OF THE INVENTION 

An obiect of the present invention is to pnsvide an artificiai marble to which a high flame retardancy is imparted with- 
out Inpairing aesthetic properties such as transparent feeling, shielding properties and surfiaca appearance, which is 
peculiar to the artificial marble by blending an inor^mic material in a h^h ratio, while its transparent feeling ie main- 
tained even when the Inorganic material Is blended in the high ratia 

The present inventors have intenavely investigated in order to achieve the above object, and as a result, it has been 
found that the above abject can be achieved by an artHidal marble which comprises a combination of a radical pdym- 
erizable vinyl compound, colloidal metal oxide and an inorgarric filler, and on the basis of this finding, the present inven- 
tion has l3een attained. 

That is to say. the first aspect of the present invention Is directed to an artlfiGial marble which comprises a polymer 
(A) of a radical polymerizable vinyl compound (a), an inorganic filler (B) having an average partide diameter of 1 iim or 
more, and a colloidal metal oxide (C) having an average particle diameter of 1 to 100 nm, the metal CDdde (C) being uni- 
formly dispersed in the state of substantially primary particles in the polymer. 

The second aspect of the present invention is directed to a method for preparing an artificial n^e which com- 
prises the steps of hydrolyzing and polycondensing at least one sllane compound (K) represented by the following for- 
mula (i) in a dispersion comprising a colloidal metal oxide (C) having an average partide diameter of 1 to 100 nm and 
a dispersing medium to modify the surfaces of the collcMal metal oxide (C), replacing th dispersing medium with a rad- 
ical polymerizable vinyl compound (a), further adding an inorganic filler (B), and then polymerizing and curing the rad- 
ical potymerlzabl vinyloanpound(a): 
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wherein R"^ and each ia a liydrocarbon group having 1 to 10 carbon atoms which may have an ether Gnkage. an ester 
linkage, an amino groip, a mercapto group, a halogen atom or a cartion-caiton double bond; is a hydrogen atom or 
a hydrocarbon group having 1 to 10 carbon atoms which may have an ether linkage, an ester linkage or a carbon-car- 
bon double bond; a and b ^ich is an integer of 0 to 3; and c is 4-a-b and an Integer 1 to 4. 

Tlie Ihird aspect of the present invention Is directed to a method for preparing an artificial marble which comprises 
the stepe of replacing a diepming medium in a dispersion comprising a colloidal metal oxide (C) having an average 
parlide diameter of 1 to 1 00 nm and the dispersing medium with a radical polymerbable vinyl oonpound (a) containing 
at least one selected from the group consi^ing of a radical polymerizable vinyl compound having one or more hydroxy 
groups in its molecule and a radical polymerizable vinyl compound having one or more epoKy groups capable of gen- 
erating the hydroxy groups in Hs molecule, adding an inorganic filler (B). and then polymerizing and curing the radical 
polymerizaksle vinyl compound (a). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fq). 1 is a transmiseion electron microscope photograph of an artificial marble of the present invention. 
Fig. 2 is a transmiseion electron microscope photograph of an artSidal marble obtained by a conventional technol- 
ogy^ 

BEST MODE FOR CARRYINQ OUT THE INVENTION 

A radical polymerizable vinyl corrpound (a) which can be used In the present invention is not particularly restricted, 
and various Ignds of radical polymerizable monomers can be used. Typical examples of the radical polymerizable vinyl 
compound (a) include methacrylic add esters such as methyl methacrytate and 2-ethyihexyl met^acryble; acrylic acid 
esters such as ethyl acrylate and butyl acryiate; unsaturated carboxyTic acids such as acrylic acid and methacrylic add; 
acid anr^ridee euch as maleic anhydride and itaconic anhydride; maleimide derivatives such as N-phenylmaleimide 
arti N-cydoheooflmalelmlde; hydroxy group-conlairting monomers such as 2-hydrQxyethyl acrylate. 2-hydroKyethyl 
methacry^e and 2-hydrT)xyprqpyt methacrylate; vinyl esters such as vinyl acetate and vinyl benzoate; vinyl chloride, 
vinylidene chloride and derivatives thereof; nitrogen-containing monomers such as methacrylan^e and acrylonitrile; 
epoxy group-containing monomers such as glyddyl aaytate and glycidyl methacrylate; aromatic compounds having an 
ethylenic unsaturated bond in a molecule such as styrene and a-methytetyrene; crosslinking agents having two or nrwe 
elfqflertic unsaturated bonds In a molecule such as ethylana glyoddinrathacrytate, allyl acrylate. allyl methacrytate. dlvi- 
nylbenzene and trimethylolpropane triacrylate; unraturated polymer prepolymers derived from at least one polyvalent 
cartxajQ^ic acid Including an ethylenic urwaturated polycarboxylic add and at least one diol; and vinyl ester prepolynrters 
derived by acryl-modifying the terminal of an epoxy group. 

Above aD. the methacryDc add esters are preferable, and methyl methacrylate is particularly preferable. In addition, 
a mbdure of two or more kinds of compounds which are compatible and copolymerizable virith each other can also be 
used. In this case, the content of at least one kind of monomer selected from the methacrylic add esters is preferably 
50% by weic^ or more, more preferably 70% by weight or more of all the compourvls. Moreover, a polymer obtained 
by previous polymerizing a part of the monomer can also be used. 

The content of the polynia (A) in an artificial marble (hereinafter refenred te as Ihe molded artide" on occasion) 
depends spontaneously on the desired characteristics of the molded article, but It is In the range of 1 5 to 60% by weight, 
preferably 1 5 to 50% by weight. 

Furthermore, in order to exhibit a higher flame retardancy, a mixture of a vinyl diloride-vlnylidene chloride copoly- 
mer (hereinaft^- refenred to as Ihe VO-VDC copolym^') and a polymer conposed nminly of methyl methacrylate 
(hereinafter referred to as ""the PMMA polymer* on occaston) can be used as the polymer (A). In order to Impart depth 
Id the molded artlde, this nrdxture is required to be transparent or semitransparent, and it Is most preferable that the ndx- 
ture is transparent 

As the VC-VDG copolymer which can eocpress such characteristics, there is a copolymer in which a vinyl chloride 
cental in the copolymer is in the range of 50 to 60% by weight and an inherent viscosity measured at 30**C in a tet- 
rahydroftjran solvent is In the range of 0.1 to 1 .0 dl^. preferably 0.2 to 0.5 dl/g. 

A content of the VC-VDG copolymer is in the range of 5 to 40% kyy we^ht preferably 1 0 to 25% by weight based 
on the total weight of the polymer (A). If the content of this copolymer is too low, the higher flame retardancy cannot be 
obteined, and on the other hand, if it Is too Ngh, characteristics such as the heat resistance and weathering resistance 
of the molded artide are inconveniently poor. 

Furthermore. In the system using this VC-VDC copolymer, oolloldal antimony oxide can be used as a colloidal 
metal oxide (C). so that the flame retardancy of the molded artide can be further improved by a synergistic effect of both 
the compon nts. 

SimQarly. in order to express the higher flame retardancy. the polymer (A) can be used In the form of a mixtur of 
acrylonitrile-slyrene copolymer (hereirmfter referred to as "the AN-SI copolymer") and the PMMA polymer In order to 
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invert thedepth to the molded article, this mixture is requii^ to be transparent <V8emi^ 

erable Itiat the mixture is transparent. In the AN-St Gopotymer having such ctaracteristics^ the conterrt of acrylonitrile is 

in the range of 20 to ^ mol%. 

The amount of the AN-St copolymer which is to be added to the PIMMA polymer is in the range of 5 to 40% by 

5 weight, preferably 10 to 25% by weight based on the total weight of the polymer (A). If lha amount of the AN-St copol- 
ymer to be added is too small, the flame relardancy can ecarcely be improved, and on the other hand, if it is too large, 
the weathering resistance and the lilte of the molded article are inconveniently poor. 

In addition, as the polymer (A), there can k>e used a copolymer which comprises two or more monomers selected 
from the group consisting of cydohexyl methacrylate, methyl methacrylate. 2-ethythexyl methacrylate and styrene and 

10 whose refractive index is In the range of 1.51 to 1 .55 at room temperature, whereby the molded article possesses an 
Increased transparent feeling and an onyx-like appearance, and the hygroscopldty of the polymer (A) also decreases, 
which c»n improve the durability of the molded articia 

Similarly, as the polymer (A), there can be used a polymer of a composition which comprises 65 to 45% by weight 
(the total amount of the polymer (A} Is regarded as 1 00% by weight) of a monomer mixture comprising 30 to 80% by 

15 weight of an afiphatic polyfunctional methacrylate such as tnmethylolpropane trimethacrylate and 70 to 20% by weight 
of an anomatic compound such as styrene having an ethylenic unsaturated bond in a molecule, and 35 to 55% by weight 
(the total amount of the polymer (A) Is regarded as 100% by weight] of an aromatic compound polymer such as pdy- 
styrene having an ethylenic unsaturated bond in a molecule, and a refractive index of the polymer is in the range of 1 .55 
to 1.57 at room temperature, whereby the molded article can possess a sufficient transparent feeling and onyx-like 

20 appearance, in this case, the molded article prepared by pressure molding is exceDent in transparent feeling, water 
resistance and dimensional stability at curing. 

Moreover, as the polymer (A), there can also be used a polymer ot>tained by curing a spedfic resin material and a 
^ecific partially crosslinked gel-DKe polym^, whereby Ihe heat resistance of the molded article can be improved. An 
example of such a polymer (A) Is a combination of 100 parts by weight of a resin material and 2 to 250 parts by weight 

25 of a partially crossfinlod gei-like polymer. Here, the above resin material is selected from the group consisting of a 
metfiacryllc acid ester, an a,p-etfiylenic unsaturated monomer mixture oontednlng a methacryllc add ester as a main 
component and a syrup containing a polymer thereof, and the above partally cros^ked gel-lite polymer is obtainable 
by partially polymerizing a mixture comprising a crosslinking agent having at least two methacryloyi gn>ups in a mole- 
cule 80 that the content of the polymer may be 4 to 65% by wei^t higher than the polymer content in the above mixture, 

30 0 long ae the total polymer content is not more than 80% by weight. 

Furthermore, to this system can be added at least one add seieded Iram the group consisting of formic add. oxalic 
acid, chtoroacetic add, malonic acid, dtraoonic add. phthalic anhydride, sucdnic anhydride, fumaric add, phthalic add, 
malic add and phosphoric acid in an amount of 0. 1 5 to 1 .5 parts by weight teased on 1 00 parts by weight of the polymer 
(A), wherelsy the coloring of the molded artk:le can be restrained. 

3B In addition, as the polymer (A), there can also be used a copolymer comprising 40 to 95% by weight of a meth- 
acryllc add ester containing 0.1 to 2% by weight of a aosslinking agent such as ethylene glycol dimethacrylate having 
two or more ethylenic unsaturated bonds in a n^lecule and containing methyl methacrylate as a rwn component, and 
5 to 60% by weight of an aromatic conpound such as styrene having an ethylenic unsaturated bond in a molecule, and 
in ns case, the transparent feeling and baling waier resistance of the molded artide can be improved. 

40 Moreover, for the purpose of improving the impact resistance of the molded artide, an elastomer such as an acrylic 
etastomer can be added Id the polymer (A). 

No particular restriction is put on an inorganic filler (B) which can be used in the present invention, and any inor- 
ganic filler can be used, so k>ng as Its average parttele diameter Is 1 |im or more and it Is Ireoluble In the radical polym- 
erizable vinyl compound (a) and it does not disturt the polymerization and curing of the vinyl compound (a). Examples 

45 of the Inorgank: filler (B) biclude aluminum hydroxide, magnesium hydroxkieL cateium hydrcrade. zirconium hydroMde, 
alumina, caldum carbonate, magnesium oxide, titanium oxMe, kwlum sulfate, dlica. quartz, talc, mba, clay, diatoma- 
ceous earth, gypsum, powd^ glass, montmorillomte, bentonite, pyrophyllrte, teolin, powdery chalk, maitle, limestone, 
asbestos, mullite, aluminum silicate, aluminum stearate, calcium silteate, hard gypsum, a-cristol^alite, alumina white 
([Al2S04(OH)4 •XH2O •2AI(OH)3]n), ettringite, and a fine powder obtained by mixing clay with an inorganic substance 

BO capable of developing a odor after catelnation, caksining the mixture, and then grinding the caldned material. They can 
be used singly or in a oombinalion of two or more thereof, in order to inpart the flame retaidancy and the aesthetic 
properties to the molded artide. aluminum hydroxUe or magnesium hydnoxUe is preferable, and aluminum hydroodde 
is more preferable. 

An average partide diameter of the usable inorganic filler (B) is 1 ^ or mora No particular restriction is put on the 
Bs upper limit of the Inorganic f IDer (B). but if the partide diameter of the inorgardc filler (B) \s too targe, the partlcl s of the 
inorganic filler (B) are unevenly dispersed, so that the parb'des inconverventJy predpitate during the mdding and curing 
of the mixture. Thus, the partide diameter of the inorganfo filler (B) is In the range of 1 to 200 |im, preferably 1 to 100 
^m, more preferably 1 to 80 pm. 

The content of the inorganic filler (B) in ihe molded artide depends spontaneously on aesthetic properties (trans- 
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perant leefing, shielding properties arxl surface appearance), specific gravity, hardness, strength, heat resistance, 
flame retarcteuicy; price and the like of the desired artSicia) martsle, and the content of the inorganic filler (B) is in the 
range of 20 to 75% by weight preferably 45 to 75% by weight, if the content of the Inorganic Ifller (B) Is too large, the 
excellent aesthetic properties peculiar to the artificial marble are lost, and properties such as strength also deteriorate 

5 unpreferBbly. On the other hand, if the content is too small, the excellent aesthetic properties peculiar to the artificial 
marble are eimilarly lost, and properties such as heat resistance arxl flame reiaittency also deteriorate unpreferatsly. 

The surfaces of the inorganic filler (B). prior to Its use. can be prevloisly treated with a silane ooupDng agent, a 
titanate coupling agent, an aluminum coupling agent or a stearic add-containing surface treating agent. These treating 
agents are used singly or in a combination of two or more thereof. 

10 If the alumina white ([Al2S04(OH)4 - XH2O • 2AI(OH)3]n) Is used as the Inorganic f Qler (B), the molded arUde can 
possess the increased transparent fueling and the onyx-like appearance. 

Furthermore, If the inorganic filler (B) is mixed with a-cristobafite and aluminium hydroxide both of wNch have a 
whiteness of 95 or more and an average particle diameter of 50 pm or less, whiteness and transparent feeGng of the 
molded arttele can be improved. 

18 As the inorganic f Hier (B), there can also be used a fine powder ot>tained by ntixing day with an inorganic substance 
capable of develcpng a color after calcination, calcining the mixture, and then grinding the caidned material. 

The at3QV8-mentloned day Is a usual day whldi contains clay minerals such as phylt(»lllGates, pyrcphylllte, talc, a 
mica group, a montmorillonite group, vermiculite, a chlorite group, a kaolin group and inosiiicates, and particularly pref- 
erable exanples of the day Indude agabnatolitss such as pyrophyHIte agalmaiolltes, kadin agalmatoTites and seridte 

20 agalmalolites. 

Examples of the Inor^nic substance capable of developing the odor after the caldnation Indude the socalled 
inorganic pigments, sirrple substances «jch as Iron, lead, copper, nickel, cobalt chromium, manganese, vanadium, 
mdybdenum. antimony, tungsten, mercury, gcki and carton, and oxides, hydroxidee, carbor^es, sulfides, chlondes, 
nitrates and suHiates thereof. 

25 A mixing ratio of the above cl£^ and inorganic substance as well as a calcination method can be sintably selected 
in ooiTf)llance with a desired color of the fine powder. As the caldnation method, a known method Is appHcable, and the 
caldnation is usually carried out at a tenperature of 900 to 1600°C for a period of 1 2 to 24 hours. The thus calcined 
material is finely ground fciy a mill such as a bail mill or a roil miD to obtain a fine powder. The average partide diameter 
of the fine powder is preferably 5D Mm or less, more preferably 20 |im or less. 

30 As the colloidal metal oxide (C), a product in which the cdloidal metal oxide (C) is urtilbrmly dispersed in the slate 
0! substantially primary partides In a dispersing medium is commerdally avallatsle or can be prepared and then used. 
Examples of the colloidal metal oxide indude colloidal silica, colloic^ antimony oxide, colloidal alumina, colloidal titania 
and ooOoidal zirconla. In oonsUeFBtton of a prioe, an availability and the characteristics of the mdded artide, coliokJal 
silica, colloidal antimony axkie and oolkildal alumina are preferable, and ooDddal slltea b most prafarable. 

SB No particular restriction b put on the dispersing medium for the conoidal metal oxide (C). Examples of the usable 
dispersing medium indude water, alcohols such as methanol and Isopropyl alcohol, ceDosolves and dlmethyiacelamteie. 
Above all. the alcohols, the cdlosolves and water are particulariy preferable. 

The average f»rtide diameter of the collddal metal oxide (C) has an influence on Ihe aesthette properties (trans- 
parent feeGng. shieidOng properties and surfiace appearance) of the desired artifidal maible, and therefore it cannot be 

40 decided sweeplngly, but it is usually selected in the range of 1 to 1 0O nm, wore preferably 1 to 50 nm. 

The content of the coltoUal metal cxide (C) is concerned with the content of the inorgank: filler (B), and It has an 
influence on the characteristics of the de^red artificial mariale. and therefore it cannot be dedded sweepingly. Usially, 
the content of the collofclal metal oxide (C) is preferably selected in the range of 1 to 50% by weight based on the total 
wdght of the artificial tnastHe under condrtions that the content of the polymer (A) is in the range of 1 5 to 60% by weiglit 

4S and the content d the Inorgaruc filler (B) is In the range of 20 to 79% by weighted 

range of 5 to 30% by weight imder oondittons that the content of the polymer (A) is In the range of 15 to «)% by weight 
and the content of the inorganic filler (B) is in the range of 45 to 75% by weiglit. 

A particularly preferable blend ratio is such that the total of the Inorganic filler (B) and the colloidal metal oxide (C) 
Is in the range of 50 to 85% by weight and a weight ratio of (B)/(C) is in the range of 1 .5 to 1 5, and such that the polymer 

so (A) contains a pdymer obtained by pdymerizing at least one oonpound seleded from the methacrylic add esters, the 
amount of the polymer being 50% by weight or more based on the total weight of the polymer (A). 

In the artifidal mait>le of tiie present inv&itbn, it is an ess&itial requirem^ that the collddal metal oxide (C) hav- 
ing an average partide diameter of 1 to 100 nm is uniformly dispersed in the state of substantiaDy primary partides In 
the pdymer (A). That is to say, when the very f ine collddal metal oxide (C} is unlfomily dispersed in the state of thie sta- 

55 Uy substantially primary partides in the polymer without cohering, a higher flame retardancy or Incombustibility can b 
imparted to the artifidal marble by the use of small amount of the inorganic component, and the inor^ic component 
can be oorrtained in a high r rBtio In addition, the aesthetic properties (transparent feeling. shieUing pr parties and 
surface appearance) peculiar to the arltftoial marble can b maintained. 

In order to unifcnrmly disperse the collddal metal oxide (C) in the state of the stably substantially primary partides 
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in ihe polymer (A) without any cohesion of the oodde (C), it is necessary that the coHoidal metal odde (C) should k>e uni- 
formly dispersed in the state of the stably sut>stanrtially primary particles In the radical polymerizaksle vinyl compound 
(a). For the adilevement of such a con^tution, ihe following two methods can b exemplified. 

A first method comprises hydrolyzing and polycondensing at least one silane compound (K) represented by Ihe fol- 
6 lowing fonnuia (I) in a uniform dispersion of a colloidal metal oxide (C) having an average partlde diameter of 1 to 1 00 
nm to modify the surfaces of the colloidal metal oxide particles with the resulting reaction product and then replacing a 
(fispersing medium of Ihe melal oxide vnth the radical polymerlzabia vinyl oonpound (a): 

SIR^R2j,(OR3)c (I) 

10 

whmin and each is a hydrocaiton group having 1 to 10 carbon atoms which may have an ether linkage, an ester 
llnloige, an amino group, a mercapto group, a halogen atom or a carbon-carbon double bond; is a hydrogen atom or 
a hydrocarbon group l^r^ 1 to 1 0 carbon atoms which may have an ether linltage, an ester linkage or a cait)on-car* 
bon doiible bond; a arxi b each Is an integer of 0 to 3; and c Is 4-a-b and an Integer of 1 to 4. 

79 A second method comprises replacing a dispersing medium in a uniform dispersion containing the coDoidai metal 
oxide (C) having an average particle diameter of 1 to 1 00 nm with the radical poiymerizable vinyl compound (a) contain- 
ing at least one elected from the group consisting of a radical poiymerizable vinyl compound having one or more 
hydroxy groups in its molecule and a radical poiymerizable vinyl conrpound having one or more epoxy groups capable 
of generating the l^roxy groups in its molecule. 

20 In the first method, in the uniform dispersion of the colloidal metal oadde (C) having an average particle cfiameter of 
1 to 1 00 nmi most of an OR^ group of at least one sQane compound (IQ represented by the above fonnula (i) Is hydro- 
lyzed. It can be presumed that a sllanol group formed by tlie hydroiysb of this silane compound (K), or a sllanol group 
of a polycondensate produced by the polyoondensation of the sOanol groups is polycondensed with an OH group on the 
surface of the colloidal metal oxide (C), so that the colloidal metal oxide (C) is covered (modified) with the reaction prod- 

2s uct of the above Silane compound with the result that the surfs^ 

bic. As a residt, the colloidal metal oxide (C) having an average particle diameter of 1 to 100 nm can be uniformly 
dispersed in the state of the substantially primary partides in the radical polymenzable vinyl compound (a). 

Typical examples of the silane confound (K) represented by Ihe above fomnula (i) Include tetramethoxysilane, 
tetraethaxysOane, methyttrlmethoxysllane, ethyttrlmethoxysllBne. phenyltrlmetfioxysiiane, dImethyldimathoKysilane, trl- 

30 methytmethoxysOane, trim^hylethoxysitane, methyltriacetoxysOane. tetraki8(acryloyloxyethoxy}^1ane, tetrakis(meth- 
acryloylaxyethQxy)silane, ^acrylpyioxyeithyldimothQxysQane, Tnacryloylaxypropylmethoxydimethylsilane, 
aciylc^QxypropyltrimethCKysiteuie, p-methact7lpylOKyethy!dimeth0Kymethylsi rmethacryloyioxypropylmethoxy- 
dtmethylsilane, r^athacryloytoxyprqi^methGKysilane, vlnybnsthyldimethc&cyenane, vinyftrimethoD^lane, vinyttri- 
ethoxysilanek r-amlnopropyltrlmethoKysilane, y-aminopropyltriethGKysilane, rmercaplopropyidlmethGKymethylsilane, f 

SB mercaptoproii^m^hoKysilane, p^ny^^h^methyidimethoxysilane, p^v^iylphenyltrimethoxysilane, rQl^ctoxypro- 
pyltrlmethaxysllane and rchloropropyttrimethoxyellane. 

Examples of the usable silane compound capable of producing the silanol group by the hydrdytis as the above 
alkoxysilane compounds include halogenated silane compounds such as IrimethylchloroGitene. dimetfrykfichlorosilane, 
methyltrichloroeilane and phenyltrichlomsHane. Furthermore, it should be urideretood that the employment of the oom- 

40 pound euch as trimethylsOanol, triphenylsilanol or methyteilanetriol having one or more silanol groups in a molecule is 
also wHhln the lechntoal scope of the present invention. 

When at least one sheeted from these sflane compounds is used, there can be obtained the metal oxide modified 
with a reaction product formed by the hydrolysis of the silane compound and the polycondensatton (hereinafter referred 
to as Ihe surface modified metal oxide'). The silane compounds can be used in a combination of two or more thereof 

4s in Gonpllance with a use purpose, and In this case, the selected two or more silane compounds may all be mixed, 
hydroiyzed, and then polycondensed, or altematlvely, the two or more silane compounds may be stepwise added one 
by one, hydrolyzed, and then polycondensed. In the case that the two or more silane compounds are used in comtana- 
tbn, If at least one of the hwo or more sQane corrpounds Is changed Into a reactive silane compound capable of forming 
a chemical linkage by the reaction at the t'me of the polymerization with the radical polymerizabie vinyl compound (a) 

so like THnettncrytoytoxypropyitrimethoxysilane, the mechanical strength of the molded article can be improved. 

An important p^ of the first method is that when the dispersing medium of the eurlace modified metal oxide ie 
completely replaced with the radical poiymerizable vinyl compound (^, the surface modified metal oxide should be sub- 
stantially uniformly dtepersed In the state of the primary partides in the vinyl compound (a), as In the case of the metal 
oxide (C). 

ss During the hydrolysis and the polyoondensation reaction of the silane conpound (K), It Is preferable that water is 
present in the reaction system. In general, the influence of water present in the reaction eyetem on a reaction rate is not 
particulariy noticeable, but in the case that the amourrt of existing water Is extremely small, the hydr lysis Is too slow, 
so that the productbn of the polycondensate Is difficult. 

As a catalyst for use in the hydrdytic reaction of the silane conpound (K), there can be used an inorganic acid or 
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an organic acid. Example of the inorganic acid indude hydrochloric acid, halogenated hydroacida such as hydroftuoric 
acid and hydrobromic add, 8uHuric acid, nitric add and phosphoric acid. Furthermore, examples of the organic add 
include Ibrmlc add. acetic add, qxhIIc acid, acrylic add and methacrylic acid. 

In ihe hydrotytic reaction system of the ^ane compound (IQ, a solvent can l^e used in order to moderately and uni- 

5 formly carry out the reaction. Th desirable solvent aOows the ailan oompound as a reactant to bB compatible wHh 
water and the catalyst Examples of Ihe solvent indude water, alcohols such as ethyl alcohol and isoprqsyl alcohol, 
ketones such as acetone and methyl i«]butyl ketone, and ethers such as tetrahydroftjran and dioxana As the sohfent 
the dispersing medium of the colloidal metal oxide (C) may be used as it is, or a required amount of the solvent may be 
newly added. No particular restriction is put on the anruxint of the solvent, any amount is acceptable, so long as it per- 

10 mils the uniform dtesdutkin d the reactant. but if the ooncentration of the reactant Is too dOute. the reaction rate Is liable 
to be noticeably low. The hydrdyas and the pdyconden^on reaction of the sHane oompound (IQ are carried out at a 
temperature of room temperature to about 120°C for a period of 30 minutes to 24 hours, preferably at a temperature of 
room temperature to a boiling point of the solvent for a period of 1 to 10 hour& 

No partioular restriction Is put on a blend ratio between the metal oxUe (C) and the sllana compound (IQ repre- 

is sented by the above formula (i), but the amount of the silane compound (K) is preferably in the lange of 0. 1 to 2000 
parts t>y wreight wore preferably 1 to 1000 parts by weight based on 100 parts by weight of a solid content of the col- 
loidal metal oxide (C}. 

A technique for replacing the dispersing medium of the thus obtained dispersion of the suriace modified metal oxide 
with the radical pdymerlzable vinyl oompound (a) is not particularly restricted, but there are a method which oonrplses 

20 directly mixing the di^>ereion containing the unHbnmly dispersed colloidal surfece modified metal oxide with the radical 
polymerizable vinyl compound (a) , and then removing the dispersing medium and %vater Irom the mixed sdution, and a 
method which comprises addng the radical polymerizable vinyl oompound (a), while the dispersing medium containing 
the surface modified metal oxide dispersed therein and water are renmed. In either case, it is necessary to replace the 
dispersing medium with the vinyl oompound (a) under conditions that the cdlokial surface modified metal codde is not 

25 allowed to precipitate in the form of a solid. 

On the other hand, the atsove second method comprises unHbrmly dispersing the oolloMal metal CDdde (C) In the 
radical polymerizable vinyl oompound without ddng any ^edfic treatment by using a specific radical polymerizable 
vinyl confound as the radical polymerizable vinyl oompound (a). 

Such a specific radical polymerizable vinyl oompound Is a oompound which has one or more hydroxyl groups in a 

30 mdecule and which is copolymerizable with the other radical polymerizable vinyl compound (a) and which is compatible 
wHh the dispersing medium In vvhich the cdlddal metal oxide (C) is uniformly dispersed h the stale of the su^ 
primary partides. Typical examples of the specific radical polymerizable vinyl compound indude 2-hyroxyethyl acrylate, 
2-hyrGKyelhyl methacrylate. 2-fiyroxypropyl acrylate and 2-h^aKyprQpyl methacrylate. In addition, a radical polymeriz- 
at)le viryf compound having one or more epcDcy groups capable of e^Oy generatfng hydroxy groups by ring opening in 

ss its molecule can also be used. Its typical examples indude glyddyl acryiale and glycrdyl methacrylate. 

These specific radical polymerizable vinyl compounds can be used singly or In the form of a mixture of two or more 
thereof in an amount of 0. 1 to 1 00% by weig ht based on the wdght of the pdymer (A) of the racfical polymerizable vinyl 
oompound (a), vkrhereby the colloidal metal Gsdde (C) can be uniformly dispersed in the state of the substantially primary 
partid es in th e vinyl compound (a) without oohe^ and the fonmation of a nelworic etructura 

40 Also in the case of this second method, thedispersing mecfium can be replaced with the vinyl oompound (a) without 
precipHating the colloidal metal oodde (C) in the state of a solid In the same manner as in the case of the first method. 

No particular re^riction is put on a molding, polymerization and curing method of the radical polymerizable vinyl 
compound (a) for ctstainlng the artificial marble of the present invention, and a cast molding method, a press mokding 
method, an injection molding method, an extrusion method and the Ite can be applied. In particu^, by the utilization 

4S of the characteristics tiiat the coDoidal metal oxide (C) Is uniformly dispersed In the state of the sii}stantlally primary 
parHdes In the polymer (A) as desGril)ed above and so ttie viscosity of the material does not Increase even when tiie 
total inorganic component Is bl^ed with the mucture for the artificia! marble in a high ratio, the artif idal marble can be 
prepared from a casting material, i.a. a mixture comprising the three components (A), (B) and (C) or a mbdure conrv 
prising the three components and other additives by directly using ttie cast molding method which has often been used 

so as a conventional manufacturing method of the artificial nwble. 

In addition, the mixture comprising the three components (A), (B) and (C), or ttie mixture comprising the three com- 
ponents and other additives can be subjected to a suitakile thickening treatment or a partial polymerization curing reac- 
tion to obtain masses which are sultatsiy vtecous, free from stickiness and exceDent In handling properties, and for such 
masses, an optional heatingpress molding method such as the press molding method, ttie injection molding method, 

ss tiie extrusion metiiod or a transfer mokling m thod can be used. 

If the cast moicfing mettiod is taken as an example, the dispersion in which the colloidal metal oxide {Q or tiie sur- 
face modSied metal oxide is unifbrmly dispersed in the state of the substantially primary partides in tiie radical polym- 
erizable vinyl compound (a) Is first prepared k>y the first metiiod or th second method described above, end a radical 
polymerization Initiator is ttien dissolved in ttie dispersion. Next, ttie inorganic filler (B) is dispersed ttierein to obtain ttie 
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casting material, and this castinQ material is ihen polymerized and cured. 

As the radical polym rizalion inHiator which can be used herein, a usual radical polymerization initiator can be used 
in an amount 0.001 to 2% by weight based on the weight of the polymer (A). Examples of the radical polymerization 
Initiator include azo compounds such as 2.2*-azobisOeobutytonitn1e) and 2,2'-azobl6(2.4-cfimethytvalen)nrtrae)» an 

5 organic peroxide such B6 benzoyl peroxide, lauroylparoxida, and redox polynra used 
singly or in a oombination thereof. In the case that the polymerizalion initiator is the organic peroxide, a tertiary amine 
can be used as a polymerization promotor. Furthennofe, for example, there can also be used a mixture of a hemiper- 
ester of maleic acid obtained l>y reacting a saturated tertiary alkyip^oxymafic acid such as t-butyiperoxymalelc acid 
with a basic metal compound, water as the polymerization promotor. a mercaptan conr^x^und such as ethylene glycd 

10 dimercaptoacetata. and a sulfur activator which is an oxo add salt of sulfur or a sulf&te. The polymarization Initiator can 
be suitably selected ftom the above examples in consideration of polymerization curing oonditione (temperature, time, 
cost and the like) desired by a manutkcturer. 

The casting material can be molded by a method which comprises casting the casting material b^ween two con- 
fronted Inorganic gbss plates or metallic plates whose peripheries are sealed with a gaskeit, and then heating it (a cell 
15 cast method), or by another method which oonprises continuously casting the casting material into a space defined by 
two mMllic endless belts movable in one direction at a constant speed and a gasket sealing these betts, or a space 
defined by one metallic endless belt arxi one resin f Dm and a gaskst sealing them from the upstream side of the space, 
then heating it (a continuous cast method). In this case, in view of release properti^ aesthetic properties and the like 
of the nmlded article, the surfaces of the inorganic glass plates or the metallic plates can be covared with a resin film 
20 such as a polyvinyl alcohd or a polyester, prior to the molding. 

Furthermore, an add such as fomnic acid or acetic add can be added to the castihg material for the cast molding, 
the amount of the acid being in the range of 0.001 to 5% by weight based on tiie weight of the molded artkte. whereby 
the unevennees of a color among the lots of tiie products can be eliminated. 

In addition, a prepdymer of mettiyi methacrylate having a molecular weight of 20000 to 70000 can be added to the 

6 radical polymerizable vinyl compound (a) so that the prepolymer may be present in a ratio of 35 to 5S% by weit^t based 
on the vralght of the polymer (A), whereby a f Om oTIhe me^ methacrylate prepolymer Is formed on ttie open swface 
of the molded artkde at an early stage of the curing to restrain the volatilization d the vinyl compound (a) monomer, 
which pernvts the pr^>aration of the mdded article by an open type cast molding method. 

Moreover, an alkyi add phosphate [Ibrmula (CnH2m>iO]mP(0](OH)3.Tn. wherein n is an Integer of 8 to 13. and m is 
90 1 or 2] can be added to the casting material for the cast mdding, the amount d the aDcyl acid phosphate being in the 
range of 0.1 to 5% by weight based on the weight of the molded artide, whereby the release properties can be 
improved. 

With regard to the press mdding method, the irijedion molding method and the trar^r molding method, various 
instruments whidi have usually been used In eadh method can be used. In compllanoe with the shape of a mdd for the 

SB molded artide and the physical properties of the mixture for the artificial marble to be used, a molding temperature can 
be selected within the range of eo to 160^. preferably 100 to 150"C: a nnolding pressure can be sdeded within the 
range d 20 to 500 kg/cm?, pref^ably 20 to 250 kg^cm?; and a molding time can be selected wHhin the range of 1 to 30 
minutes, preferably 2 to 20 minutes. Since volume shrinkage occurs during the pdymerization, the mdd to be used 
preferably has a structure by which the vdume of a cavity can be reduced in a thickness direction witii the vdume 

40 Shrinkage. 

Furlhennore, fine resin parlides which Is Insoluble in the monomer (a) and which has swell characteristics can be 
added to the molding nrtaterial which ie the mixture of the three components (A), (B) and (C). whereby the stickiness of 
the mdding materbl can be restrained, and an excellent transparent feeling and mirror transfer properties can be 
imparted to the molded artide. 

46 As a polymerization initiator, a combination of a radical pdymerizatfon initiator having a 10 hours' half-value period 
temperature of 50*C or less and a radical polymerization initiator having a 10 hours' half-value period temperature of 
70°C or more can be used, whereby the handling properties of ttie mdding material as well as the heat resistance and 
the chemical reastance d the molded artide can be improved, and surface defeds ^ch as sink marks and fiber show 
can also be inhibited. 

so A hydroxyl group-containing poiymethyl methacrytate copolymer which contains 2-hydroxyetiiyl methacrylate or the 
like as a oopolymerizable component, and a pdylsocyanate can be added to the polymer whereby weathering 
resistance and ultravidei fight resistance can be imparted to the molded artide. and tiie generalton of cracks can also 
be suppressed. 

A thernwplaetic polymer which is less soluble in the vinyl compound (a) and which has an average molecular 
55 weight of about 28 x 10^ can be added to the vinyl compound (a), whereby the shrinkage during th heating and curing 
can also be restrained. 

Furthermore, a fine powder d a crosslinked pdymer obtained by subjecting a methacryllc monomer to emulsion 
polymerization can b added to the vinyl compound (a), whereby water resistance can be Imparted to th molded artide 
and the generation of cracks can ateo be suppressed. 
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in preparing the artaicial marble of the present im/ention by any of ihe various preparation methods, known ackS- 
tives such as a flame relardant, a colorant and a reinforcement can be mixed with Hie moldtng material, so long as they 
do not Impair the effect of the pres nt Invention. 

For the purpose of imparting a higher flame retardancy to the artificial marble, such a flame retardant (D) as to be 
5 usually used can be further added. The flame relardant (D) Is a flame retardant which has usually been used to malo 
plastic materials flam&fetardant and TCunples of the flame relardant indude chlorine-containing flame retardants 
such as perchlorocyclopentaderane, chlorendic acid, chlorinated paraffins, chlorinated polyethylenes and vinyl chloride 
resins, bromine-containing flame retardants such as decabromodlphenyl oxide, tetrabromobisphenol-A and poly- 
dibromophenylene coddes, phosphorus containing flams retardants such as phc^phorlc add esters and red phospho- 
10 rus. and Inorganic flame retardants such as nitrogenized guanidnes and zinc borate. 

Furthenmore. in order to meet the demands of users, it is preferable to supply the artificial marbles having niany 
colors, and In this case, the molded articles are required to be colored without impairing the aesthetic properties (trans- 
parent feeling, shielding properties and surEace appearance) peculiar to the artifictal marbia As a colorant for this color- 
ing, an iron oxide pigment (E) having an average partide diameter of 10 pm or less may be used in an amount enough 
16 to impart a desired color to the artif idal mart)la H the particle diameter is in excess of 1 0 the molded artlde having 
the desired characteristics cannot be obtained sometimesw This iron oxide pigment (E) may be suff identiy dispersed in 
a suitable dispersant such as a soybean ofl epoxide resin, and then added to Ihe polymerizable mixture comprising the 
polymer (^, the inorganic filler (B} and the colloidal metal codde (C), prior to the curing the ntixtura 

Another example of the cok>rant Is a colorant (F) obtained by coloring a short fiber such as a nylon, an aramid, a 
20 pdyacryiorvtrflet a polyester, a poiyolefin or a natural fiber having a high strength and an excellent weathering resist- 
ance with a dye or a pigment eo as to develop a desired color. 

TTie amount of the colored short fiber (F) in the molded artide is In the range of 0.01 to 2% by weight preferably 
0.05 to 1% by weight based on the weight of the molded artide. and Ihe fiber length of the colored short fa>er (F) is in 
the range of 0.2 to 13 nm preferably 0.2 to 3.5 mm. However, longer fiber, for GKample. the fiber having a fiber length 
25 of about 25 mm or less, can also be added. The fineness of Ihe odored short fiber (F) is preferably in the range of 1 to 
300 denier, more preferably 1 to 48 denier. 

Particuteu'ly in the case that a blade spoX pattern is to be imparted to the molded artide. black carbon i^u'tides (G) 
such as coal. coke, charcoal, activated carbon. caitx)n black or amorphous cartoon can be used, and active cait>on is 
particularly prefarat^la 

30 No particular restriction is put on the shape of ihe cait)on partides (Q). but in onder to uniform the blade spot pattern 
In the mokiad artide, Its shape Is such that a ratio of the maximum wktti Id the nrfnlmum width of the carbon particles 
is 7 or less, preferably 5 or less, more preferably 3 or less. 

TTie size and the amount of the cartion partides (G) are concemed with the desired characteristics of the molded 
artide, and so they cannot be decided sweepingly, but if ttis aze of the cartoon partides (Q) is too smaD, they cannot be 

ss visually recognized as the black spots. Therefore, the maximum width of the carbon partides (G) is 0.05 mm or more, 
preferably 0.1 mm or more, more preferably 0.15 mm or mora Tlie amount of the carbon particles (G) to be added Is In 
the range of 0.01 to 10% by weight, preferably 0.1 to S% by weight based on the total weight of the molded artida If 
tiie amount of tiie carbon particles (Q) to be added is too small, tiie number of the black spots is smaD. so that the spot 
pattern is undear, and on the otiier ff the amount of Ihe carbon partides (3) is too large, the whole of the molded 

40 artide is uniformly colored k)lackunpref^rably. 

In the case that a granite-like pattern Is to be Imparted to Ihe molded artide, there can be furtiier added, to the arti- 
f ical martsle of the present invention, opaque partides (H) in wKch a shortest length is 200 |im or more and an optical 
density to visible light is 2.0 or mora and at least one kind of particles (I) selected from the group consisting of semi- 
transparent partides in which a shortest length Is 200 ^m or more and an optical density to visible l^ht ie in tiie range 

4S of 2.0 to 0.1 and/or transparent partides In which an optical density is less than 0.1. 

Here, the optical density is a value obtained by measuring transparencies Q, R and B with a spectropholcmieter at 
a time when a visible Hght in tiie wavelength range of 400 to 800 nm is transmitted through a sample having a thickness 
of 0^4 mm, and ttien doing catouiation in accordance witti the fdlowing equation 

so optical density » log ^q(I |/I ^ 

wherein 11 is an intensity of an incident light, and It is an intensity of a transmitted light 
The minimum size of bdh the particles (H) and (1) Is 200 \im or mora preferably 250 pm or more, and most prefer- 
ably, ttie minimum, average and maximum partide sizes of the particles are in the range of 250 to 5000 iim. However, 
ss for the sake of a certain aesthetic effect, tiie partides having Ihs maximum size much larger than 5000 ^m, tor example, 
a maximum size of 6 to 13 mm or more can be alfowed to be present in the artificial maible. In this case, however, tiie 
siz of the partides is required to be such tiiat the maximum partides do not prec^ntato in the molded artide to prevent 
the noticeable deformation of the mokied artid , 

Examples of tiie opaque partides (H) indude cafoined talc, magnetite, goethlte and anthradta In addition, ihere 
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can also be used chips obtained by adcfing an optional filler or pigment to an optional insoluble or croes-finked polymer 
euch as a polypfopyfenep a phenolic resia an acrylic resin or a polyvinyl ester. 

On the other hand, examples of the usable semitransparent partides and^or transparent particlee (I) indude natural 
and synthetic minerals such as lapis lazuB, mica and wollastcviite, and chips obtained by addir^ a p^ment or a dye to 
an Insoluble or crofis-linkBd polymer. 

The amount of the opaque particlee (H}, the semitransparent partides and^or the transparent particlee (0 is prefer- 
ably In ttia range of 1 to 25% by we^ht based on the total weight of the molded artids, and the amount of the opaque 
partides (H) is more preferably in the range of 5 to 1S% by weight and the amount of the semitransparent i:»[rtidee 
and/or the transparent parfides (1} is more preferably in the range of 5 to 1 S% by weight 

Furlhemfiore, In the case that a natural stone-like pattern (a rift-like pattern) is to be similarly Imparted to the molded 
artide, substantially transparent partides (J) comprising a resin compo s itton and an inorganic filler can be further 
added to the artificial marble of the present invention. 

Here, the expression "substantially transparent' means tMt an a^et'c transparent feeling g?v&\ to the partidee 
(J), but Hs preferable state Is such that a value of a paraDel light transmttlance of a sheet havtog a thickness of 2 mm as 
measured by a measuring procedu'e A in accordance with JIS K-7105 is 8% or more, nwre preferably 10% or mor& 

One example of the resin co mpos ition for the transr»trent partidee (J) is a copolymer of an unsaturated polyester 
and styrene. The un^turated polyester can be produced by a pdycondensatlon reaction of an unsaturated dteartxsxyllc 
add such as maleic acid or fumaric acid with a gtycd euch as ethylene glycol or dethyiene glycol. The t^er preferable 
examples of the resin composition indude polybenzyl methacrylate and a polymer containing benzyl methacrylate as a 
main constitutional unit Preferable exan^les of the compound which can be copolymerized with benzyl methacrylate 
Indude cornpounds such as methacryllc add esters other than benzyl methacrylate, styrene and ethylene glycol 
dimethacrylate each of which has a plurality of polymerizable double bonds in a molecuta Above afl, more preferable 
are a copolymer of 50 to 70% by weight of an unsaturated polyester and 30 to 50% by weight of styrene. and a copol- 
ymer of 90 to 99.9% by weight of benzyl methacrylate and 0.1 to 1 0% by weight of a compound such as ethylene gtyool 
dimethacrylate having a plurality of polymerizable double bonds in a molecule. 

On the other hand, examples of the inor^uilcflDer which can be added to the transparent particles (J) Indude alu- 
minum hydroxide, calcium hydroxide, magnedum hydroxide, powdery talc, powdery quartz, fine siBca. cfiatomaceous 
earth, gypsum, powdery glass, day minerals, powdery chalk, marble, limestone, asbestos, aluminum dlicate, aluminum 
stearate, nmilBte, catelum silicate and hard gypsum. Above all, aluminum hydroxMe, caldum hydroxide and magnesium 
hydroxide are preferable, and aluminum hydroxide is more preferable. TTiese hydroxldee release crystal water at a high 
temperature, and so th^ particularly effectively Htnctton to improve the flame retardancy of the artifidal marUa 

The partide dameter of this inorganic filler has an influence on the light transmisQon properties of the transparent 
partides (J) and a viscosity rise at the time of the mixing with a polymerizable resin material, and therefore the partide 
diameter of the Inorganic filler Is preferably in the range of 1 to 150 pm, and a central parlidB diameter of the parttele 
diameter distribution of the inorganic filler is suitably in the range of 10 to 100 ^ 

WHh regard to tiie amount of the inorgante flier to be added, an excessive amount of the friorganlc filler gives rise 
to the strength deterioration of the transparent partides (J) and also easily brings about the deterioration of the trans- 
parency. TTierefore. the amount of the inorganic finer in the transparent partides (J) is preferably in the range of 40 to 
a5% by weight based on the weight of the transparent partides (J). In adtfition, the inorgartic filler having the surfaces 
treated with a silane coupling agent or a stearic acid surface treatment agent can also be similarly handled. 

lb the transparent partides (J), various additives other than the Inorganic fUlar may be added. Examples of such 
additives indude a colorant such as a pigment or a dye, an ultraviolet oght abeoiber, a flame r^aidant, a mold release 
agent and a thickening agent 

The transparent particles (J) preferably have a controlled quantity of charged static electridly in consideration of a 
fact that static electridty Is generated during a defivery step or a grinding step of the particles, so that the adheston and 
oohesian of the partidas, contamination with foreign substances and the Itke occur, and a discfwge phenomenon might 
take place to bring about a dust explosion. 

As the tTarn(»rent partides (J) are large, the appearance ol the product is dose to the natural stone, but the 
employment of the large transparent partides (J) makes the preparation process off the artificial mattHe difficult. That is 
to say. in the case that the surface of the artificial marble containing the dispersed transparent particles (J) is ground as 
deep as the half of a partide Ameter, the transparent partides (J) appear on the surface of the artaidal maitle. and 
in consequence, a more preferable appearance can be obtained. Therefore, the smafler the size of the particlee (J) is, 
the ea^er the grinding te. Thus, the size of the partides (J) is preferably In the range of 0.2 to 5 mm. 

As techniques for preparing the particles (J), there are a method which comprises unitormly dispersing the inor- 
ganic fOler In the polymerizable resin material. bulk-po[ymerizlng It, and then grinding the resulting polymer by a grinder, 
and a method which comprisee unttormty dispersing the inorganic filler in the pdymerizdble resin n^terial, and then 
suspension-polymerizing It in an aqueous medium. Abov a|l, the tormer method is preferabi . 

The amount of the transparent particles (J) to be added preferat^ly In the rang of 1 to 25% by weight based on 
the total weight of the molded artide. 
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Furthermore, for the purpose of imparting impact reeielanoe to the molded article, a glass fiber filler can be used 
together, but In this case, much attention should be paid to a possibilrty that the aesthetic properties of the molded arti- 
cle might be lost 

iMoreover, various additives such as a flame retandant, a colorant a ranforcement. an ultraviolet light absoiber, a 
5 heat stabilizer and a mold release agent other than mentioned above can be added to the artificial mart)le of the present 
invention In compliance with a use pmposa 

The artificial marble of the present invention has a high flame-retardant perfdrmance. and therebre, it can be 
applied to interior and exterior materials of buildings. In addition, the arOicial nartte can be applied to conventbnal 
known uses of the arttfidal mart^le, for example, sanitary utensOs such as Kitchen counter tattles, cabinet panels, desk 
10 tops, bar counter tops, cupboard panelSi washbowls, wash tops, bath units and toilet units, and living utensils such as 
washetands, Bving tables, doset panels and lumrture tope. 

Next the present invention wID be described in more detail with reference to SKamples. In the examples, ''part(6)* 
means "part(s) by weight", unless otherwise specified. 

Here, flame retardancy was evaluated by measuring an oxygen Index of a sheet having a thickness of 3 mm in 
IS accordance with JIS K-7201 . Aesthetic pnopert'es were visually evaluated. 

Example 1 

In a glass flask equipped with stining blades were placed 5 parts of trimethylmethoxysllane and 200 parts of colloi- 
20 dal silicEKlispersing Isopropyl alcohol (average particle diameter » about IS nm, silica content » 30% by weight trade 
name IPA-ST, made by Nissan Chemkal Industries* lid.), and 5 parte of aO.1 N aqueous hydrochbric acU solution was 
then added with stining, followed kiy healing the solution up to 50°C. After 2 houre, whQe volatiles were distflled off at 
40*^0 under reduced pressure by a rotary evaporator, merthyl methacrylate (hereinafter abbreviated to "MMA") was 
added Ert the same rate as in the distiDatbn of the vdatiles, ard finally, the dispersing medium was oonpletely replaced 
28 wHh MM A to bring the total amount into 1 20 parts. In the thus obtained colioidal silica dispersion, surface modified cd- 
ksklal slltea was unHbrmly dispersed In the state of the sut)stantiany primary partteles In MMA, so that the coltokJal silica 
di8persk)n was transparent and its viscosity scarcely rose. Furthermore, this dispersion was burnt in a crucible, and on 
the basis of the resulting ash. a silica content was then calculated and it was 52% by weight. 

In 100 parts of thb dtepsrsion, 025 part of 2,2'nBzobls(2,4-dlmethylvaleronitrile} (hereinafter abbreviated to "AVN") 
30 was dissolved, and 150 parts of aluminum hydnoxide (average partide diameter a 44 trade name BW-33, made by 
Nippon L^ht Metal Ca, Ud.) was added and then rrSxBd by a stin'er to prepare a caSHng material. In this casting male- 
rial, 21% by weight of a eifica eolid and 50% by weight of aluminum hydroodde (hereinafter abbreviated to "ATH") were 
blended. 

TTte thus prepared casting material was exposed to a reduced pressure to remove dissolved air, and It was then 
ss poured Into a cell which was formed by a gasket and two stainless steel plates (whose surfaces were covered with a 
polyester film) and whose thk:knes5 was previously set to 3 mm. Aftenrard. polymerlzaiion was carried out at 80"C for 
2 hours and at 1 30°C for 2 hours to mokl a desired artificial rr^Me, 

An extremely thin slice of the thus obtained artificial marble was observed through a transmission electron micro- 
scope, and as a result it was conf imted that the cdloklal sifica was uniformly dispersed. TTile artif idal marble was excd- 
40 lent in both of transparent feding and depth, and it assumed a beautiful surface appearance, which meant that it was 
excellent in aesthetic properties. In addition, an oxygen index of the artificial marble whs 90 or more (whfeh was more 
than a measurable upper limit), which meant that the art^icial marblo was very excellent in flame retardancy According 
to a flame retardancy test procedure (a surface test) of No. 1 231 (f lame-retardant materials) notified by Ministry of Con- 
struction in Japan, the teet results in Table 1 were obtained. 

4S 

Example 2 

To 100 parts of a 52% ^rface modified oollokial sgica-depersing MMA solution prepared t>y the ^me procedure 
as in Example 1 were added newly 50 parts of MMA and 50 parts of an MMA syrup preliminarily polymerized to a 
so pdymerization ratio of 20%. and 0.5 part of AVN was dissolved In the solution. Aftenvard. 300 parts of ATH was added 
and then mixed by a st'orer to prepare a casting material. In tNs casting material, 10% by wdght of a silica solkl and 
60% weight of ATH were blended. The other operations were carried out in the same manner as in Example 1 to 
mdd an artificial marble. 

An extremdy thin slice d tiie thus obtained artificial marde was ol)6en/ed tivough a tranmiesion electron micro- 
ss scope, and as a result It was confirmed that the cdloMal silica was uniformly dispersed. TTils artif idal marble was excel- 
lent in both of transparent feding and depth, and it assumed a beautiful surface appearance, which meant Vnax it was 
excellent in aesthetic properties. In addition, an cscygen Index of the artificial marble was 52, which meant that the arti- 
flda! marble was excellent in flame retardancy. According to a flame retardancy test procedur (a surface test) of No. 
1231 (flame-retardant materials) notified by Ministry of Construction in Japan, the test results in Table 1 were obtained. 
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amount into 100 partB. In the thus obtained ooDoidal sillca-disperBing isopropyt aloohoi solution, ihe ooUoidal oUca was 
unrformly dispersed in the state of the substantially primary parHcies in isopropyl alcohol, so that the cGsperston was a 
transparent gluey solution whose viscosity scarcely rosa Furthermore, this dispersion was burnt in a crucible, and on 
the ba»s of the resulting ash. a siiica content was then calculated and it was 30% by weight. 

5 Aftenvard, the same procedure as in Example 2 was candied out accept that the thus cbtainad colioldal sIGca-dis- 
persing isoprc^ aloohoi solution was used, thereto molding an artificial marble. In the thus obtained artif tcial marble. 
10% by w^ht ol a silica solid and 60% bff weight of ATH were blended, but as in Example 2, the artfficial marble was 
excelient in both of transient feeling and depth, and it assumed a beautiful surface appearance, which meant that it 
. was excellent in aesthetic properties. In addition, an oxygen Index cf the arUfidal marble was 51 , which meant that the 

10 artificial marble was 6«»llent In ftame rekardancy. 

ExanftpieS 

in a glass flask were placed 200 parts of the same oolloidai silica-dispersing isopropyl alcohol as used In Example 
IS 1 and 20 parts of 2-hydroxyethyl methacrylate (hereinafter abbreviated to **HEMA"), and while volatfles were distilled off 
at 40^ under reduced pressure by a rotary evapora^, MMA was added at the same rate as in the distillation of the 
votatiles, and finally, the dispersing medium was completely replaced with the mixed solution of MMA and HEMA to 
bring the total amount into 120 parts. In Ihe thus obtained colloidal silica dispersion, oolloidai silica was uniformly dis- 
persed in Ihe state of the substantially primary particles In the mixed solution of MMA and HEMA, so that the coiloldat 
20 silica dispersion was transparent and its viscosity scarcely rose. Furthermore, this disperaon was burnt in a crucible, 
and on the baste of the resulting ash, a silica content was then calculated and It was 50% by weight 

Aftenvard, the same procedure as in Example 1 was carried out except that the thus olstained oolloidai silica dis- 
persion was used in place of a suriace modified colloid^ siOca-di^rsing MMA solution, thereby molding an artifiCQl 
marble. This artificial nwfale was exceDent in both of transparent feeling and depth, and It assumed a beautrful suriace 
2s appearance as in Example 1, which meant that it was excellent in aeethetic propertiea In addition, an oxygen index of 
the arUfidBl marble was 90 or more (which was more than a measurable ipper limit), which meant that the artSlctal mar- 
ble was excellent in flame retaidanpy. 

fifllBBilltlYg EfflTDPlg 1 

so 

40 parts of an MMA syrup preliminarily polymerized ip to a polymarizfitlon ratio of 20% and 0.2 part of AVN were 
dissolved in 40 parts of MMA, and 1 20 parts of ATH (average particle diameter « 44 trade name BW-33, made by 
Nippon Ught Metal Ca, Ud.) was added and then mixBd by a stirrer to prepare a casting material. The thus prepared 
casting material was molded, polymerized and cured by the sama procedures as In Example 1 to obtain an artHlctal 
3s maMe. In the thus obtained artificial marble, 60% by weght of ATH was blended, but the artificial marble was esccellent 
in both of transparent feeling and depth, and It assumed a beautHiJ suriiace appearance, which meant thai It was eocoel- 
leit in aeathetic prq^ertiea However, an oxyg^ index of the artiridal marble was as low as 31. According to a flame 
retardancy test procedure (a surface test) of Na 1231 (fiame-retaidant materials) notified by Ministry of Construction in 
Japan, the test results in Table 1 were obtained. 

40 

Comparative Exampia 2 

A casting material compri^ng 55 parts of MMA. 5 parts of an MMA syrup preliminarily polymerized up to a polym- 
erization ratio of 20% 0.2 part of AVN and 140 parts of ATH was prepared by the same pnocedures as In Comparative 
4s Example 1 . The thus prepared casting material was molded, polyrnerized and cured to obtain an artificial marble. In the 
thus obtained artificial marble, 70% by weight of ATH was blended, but Ihe artificial marble was excellent In both of 
transparent feeling and depth. However, an oxygen index of the artif icial marble was as low as 42. Furthermore, accord- 
ing to a flame retardancy test procedure (a surface test) of Na 1 231 (flame-retardant materials) notified by Ministry of 
Construction In Japan, the test results in Table 1 were obtained. 

so 

Comparative Example 3 

0.2 part of AVN was dissolved In 75 parts of MMA, and 25 parts of hydrophobic siDca (average particle diameter » 
16 nm. trade name R-972, made by f^ppon Aerosil Ca, Ud.) was added and then mixed by a stirrer to obtain a silica 
ss dispersion. In the thus obtained disperston, hydrophobic silica cohered In MMA. so that th dispersion was opaque and 
a viscoeity of the dispersion was higher as compared with that of any colloidal dispersion in Examples 1 to 5. 

Next, it was attempted that, to 1 00 parts of this dispersion, 150 parts of ATH (average particle diameter = 44 pm, 
trade name BW-33. made by Nippon Ught Metal Co., Ltd.) was added and tfien mixed t>y a stiner In order to prepare a 
casting material. However, a vieoDSity of the dispersion is too l^h. so that it could not be poured into a cell. 
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05 pari of AVN, 150 parts of ATH (average particle diameter = 44 pm, trade name BW-33. made by Nippon Ught 
Metal Ca, Ltd.) and 25 parts of a glass fiber filler having a length of 3 mm were added to 75 parts of MMA. and they 
ff wore mbsd by a stin^er to prepare a casting matedalJn this casting mate^ 10% by weight of a glass fiber content and 
60% by weight of ATH were blended. 

Next the thus prepared casting material was molded, polymerized and cured In the same manner as in Example 1 
to obtain an artificial maible. An oxygen index of the obtained artificial martale was as high as 50. but the transparent 
feeling of Its appearance was noticeably poor, and the exGeilant aesthetic properties pecidiar to the artificial marble 
10 were losL 



02 part of AVN was dissolved In 90 parts of ly^MA. and 1 0 parts of hydrophobic silica (average particle diameter » 
16 1 6 nm, trade name R-972, made by Nippon Aenosfl Ca, Ltd.) was added and then mixed a stin-er to obtain a silica 
(fisperaion. In the thus obtained dispersion, frydrophobic silica cohered in MMA. so that the dispersbn was opaque and 
the viscosity of the dispersion was higher as oom|»red with that of any colloidal diversion In Examples 1 to 5. 

Next, to 100 parts of this dispersion. 100 parts of ATIH (average particle diameter = 44 ^m. trade name BW-33. 
made by Nippon Light Metal Ca, Ltd.) was added and then mixed t>y a stirrer to prepare a casting material. In this cast- 
20 ing material, 5% by weight of a silica content and 50% by weight of ATH were blended. The viscosity of the prepared 
casting material was veiy Mgh. but the casting material could be molded, polymolzed and cured In the same manner 
as in Example 1 to obtain an artif idal marble. An oxygen index of the obtained artificlai marble was as low as 35. and 
the tranqsarent feefing of its appearance was noticeably poor, and the exceO^ aesthetic properties pecufiar to the arti- 
ficial marble were lost An extremely thin slice of this artificlai nmrUe was observed through a trarmission electron 
25 miODSCope. and as a result it was confirmed that hydrophobic silica remained in a coherent state and it was not uni- 
formly dispersed as shown in Fig. 2. 

Examples 

so In a glass flask equipped with stirring blades were plaoed 1 5 parte of trimethylmethaxysilane, 200 parts of the same 
colloidal silica-dispersing isopropyl alcohol as used In Example 1 and 10 parts of a 0.1 N aqueous hydrochloric add 
solution, and Ihe solution was then heated up to 50^0. After 2 hours, while volatlles were distilled off at 40°C under 
reduced pressure by a rotary evaporator, styrene was added at the same rate as In the distillation of the volatlles, and 
finally, the dispersing medium was oonpletely replaced with styrene to bring Ihe total amount into 1 20 parts. In the thus 

35 obtained coOoidai silica dispersion, surface modified colloidal silica was uniformly dispersed in the state of the substan- 
tially primary particles in styrene. so that the ooDoidal silica dsparston was transparent and Its viscosity scarcely rose. 
Furthermore, this disperson was burnt in a crucible, and on the basis of the resulting ash, a sHica content was then cal- 
culated and It was 57% by weight 

To 100 parts of this dispersion were added newly 30 parts of styrene, 70 parte of an unsaturated polyester prepol- 

40 ymer (terephthalic acid-based unsaturated polyester, trade name Vijpica 6424. made by Nippon Vlipica Ca, Ud). 2.5 
parte of benzoyl peroxide and 300 parte of ATIH (average parlide diameter B 44 

pen Light Metal Ca, Ltd.). and they were mixed by a stirrer to prepare a casting matertel. In this casting material, 1 1% 
by weight of a silica solid and 60% by weight of ATH were blended. 

The thus prepared casting material was molded in the same manner as in Example 1 to obtain a desired artificial 
45 marbia In this case, polymerization and curing were earned out at 70^0 lor 1.5 hours and at 150^0 for 4 hours. The 
obtained arHfictel marbia assumed a beautlftii surface appearance, which meant that it was excellent In aesthetic prop- 
erties. In addition, an oxygen index of the artificial maitle was 50, which meant that the artificial marble was excellent 
in flame retardancy 

so ExamDle7 

The same procedure as in Example 2 was conduced except that magnesium hydroxide (average particle diameter 
B 20 |im, high-purity magnesium hydroodde, made by Asahl Glass Ca, Ltd.) was used as an Inorganic fiDer (B), thereby 
molding an artificial marble. In the obtained artificial martsle, 1 0% by weight of a sBica scfid and 60% by weight of mag- 
Bs neslum hydroxide vrare blended, but the artHldal marble exhibited good aesthetic properties and had an oxygen index 
of 57, wttich meant that the artificial nmrble was very excellent in flame retardancy 



14 



EP0 786440A1 



Example a 

The eame prxedure as in Example 4 was conducted except Itiat a 30% by weight isoproiKUiol dispersion prepared 
by the use of an aqueous collcudal antimony pentoxide dispersion (average particle cfiameter » 40 nm, antimony pen- 
5 toDdde content a 50% by weight, trade name A-2550, made by Nissan Chemical Industries, Ud.) was used as an colloi- 
dal metal oxide (C). thereby molding an artificial maible. In the thus obtained artificial mariale, 10% weight of an 
antimony pentQxida solid and ^% by weight of ATH were blended, but the artaicial mart)ie exhibited good aesthetic 
properties and had an oxygen index of 56, which meant that the artificial marble was very excellent in flame retaidancy 

10 gxamplfl fl 

The same procedure as In Example 4 was conducted except that an aqueous colloidal alumina diversion (average 
particle diameter s 1 5 nm, alumina content « 20% by weight, trade name Aluminascl-520, made by Nissan (}hemicat 
Industries, Ud.) was used as an collok^ metal c»dde (C). thereby molding an artificial mart3l& In the thus obtained arti- 
15 f idal m^le, 1 0% by weight of an alumina solid and 60% by weight of ATH were blended, but the artificial marble exhib- 
ited good aeslh^c properties and had an oxygen index off 53, which meant that the artificial marble was excellent in 
flame retardancy. 

Example 10 

20 

TTie same procedure as in Example 1 was conducted except that 30 parts of vinyl chloride-vlnylldene chloride 
copolymer (trade name Kurehabn SPX 105, made by Kureha Chemical Industry Co., Ltd.. vinyl chloride content s 
76.6% by weight), 70 parts of MMA, 0.5 part of AVN and 300 parts of ATH were added to 1 00 parts of a 52% by weight 
surface modified colbidal sOica-dtepersIng MMA solution obtained in the eame manner as in Example 1 , thereby mold- 
25 ing an artificial marble. In the thus obtained artificial martsle, 1 0% by weight of a silica soGd and 60% by weight of ATH 
were blended, but the artificial marble was e)a»llent in both of transparent fueling and depth, and it assumed a beautHliI 
surface appearance, which meant that it was excellent in aesthetic properties. In addition, an oxygen index of the arti- 
f ical marble was 61 , which meant that the artificial n^le was very excellent m flame retardancy 

30 faampiell 

The same procedure as in Example 1 0 was conducted except that a 52% by weight surface modified colloidal anti- 
mony pentoxide-dispersing MMA solution obtained in the same manner as in Example 8 was used in place of a oolloidai 
sillca-di^erslng MMA solution, thereby molding an artificial marble. In the thus obtained artifidal marble, 10% by 
3S vireight of an antimony pentoodde solid and 60% by weight of ATH were blended, but the artificial marble exhibited good 
aesthetic propertlee and had an oxygen index of 68. which meant that the artificial marUe was very excellent in flame 
retardancy. 

Example 1g 

40 

The same procedure as In Example 1 was conducted except that 30 parts of acrylonltrile-styrene copolymer (trade 
name Sebian N 020SF, made by Daisel Ltd.), 70 parts cf MMA, 0.5 part of AVN and 300 parts of ATH were added to 
100 parts of a 52% tiy weight surface nxx:iifled colloidal sIGca-dispersing MMA solution obtained In the same manner 
as in Exan^le 1, thereby molding an artificial rmtHe. In the thus obtained artificial maibie, 10% by weight of a silica 
4s solid and 60% by weight of ATH were blended, but the artificial marble was excellent in both of transparent feeling and 
depth, which meant that it was excellent In aesthetic properties. In addition, an oxygen Index of the artificial marble was 
57, which meant that the artificial maitle had a very high flame retardancy. 

Sample 18 

so 

5 parts of an MMA eyrup preliminarily polymerized up to a polymerization ratio of 20%, 70 parts of styrene and 25 
parts of 2-^hylhexyl methacry late were added to 100 parts of a 52% by weight surface modSied colloidal silica-dispers- 
ing MMA solution ot>tB]ned in the same manner as in Example 1. and they were then mixed by a stirrer to prepare a 
26% bjf weight ^jrlace modified colloxfal silica dispersion. A refinBctive index at room temperature of a solidified sut>- 
ss stance of this dispersion was 1 .53. 

Next, 60 parts of ATH and 0.1 part of AVN were added to 40 parts of the thus obtained 26% by weight surface mod- 
ified colloidal silica dispersion, and they were then mixed by a stirrer to prepare a casting material. In this casting mate- 
rial, 10% by weight of a silica solid and 60% by weight of ATH were blended. 

The thus prepared casting material was molded in the same manner as in Example 1 to obtain a desired artificial 
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marble. Tliis obtained artificial maible had a Eght yellow onyx-like transparent fMIng, which meant that it was very 
excellent in aesthetic properties. In addition, an oxygen index of the artificial martde was S3, which meant that the arti- 
ficial marble maintained a very high flams retardancy. 

0 ExanpleU 

30 parts of trimethylolpropane trlmethacrylate and 70 ^ts of polystyrene (trade name Esbright T-2 beads, made 
by Sumitomo Chemical Ca, Ud.) were added to 100 parts of a 57% by weight surface nxxJified colloidal sifica-dispers- 
ing styrene solution obtained in the same manner as in Example 6, and they were then mbced by a stin^er to prepare a 

10 29% by weight surface modified colloidal silica-dispersing viscous polymerizable syrupi A refractivB index at room tem- 
perature of a solidified 6ub6tanceofthi6 6ynjpwa&1.5S. 

Next 60 parts of ATH (average particle diameter a 44 \an, trade name BW-33, made by hCppon Light Metal Ca. 
Ltd.)p 0^ part of t-butyl peroxyoctoate, 0.9 part of zinc stearate and 0.2 part of r-methacrytpyloxyimpyttrimethoxyeilane 
were added to 40 parts of the thus obtained 29% by weight surface modified colloidal silica dispersing syrup, and the 

IS mbcture wee thrown into a twin-arm type kneader and then stinred to obtain a high-viscosity day-fike molding ntaterial 
havit^ good handling propertiee. In this molding materialp 12% by weight of a silica solid and 60% by weight of ATH 
were blended. 

The thus prepared molding mat^al was thrown into a plate mold (temperature « 1 20°C) set on a pressure molcfing 
machine, and then subjected to pressure molding under a molding pressure of 60 kgAcm^ for a molding time of 5 min- 
20 utee. In consequence, an artif idaJ maitle which was excellent in transparent feeling and free from cracks and strain arxJ 
whteh had an onyx-Dke appearance oouki be obtained, and an oxygen index of the artif kdal marble was 53, which meant 
that the ariifteial marble was axcelient in flame retardanq^ 

ExannptelS 

66 parts of an MMA syrup prellnilnarlly polymerized up to a polymerization rallo of 10%, 34 parts of neopentyl gly- 
col dimethacrylate, 0.0045 part of 2,2*-azobi6(4-methoxy-2,4-dime1!^valeronitrile), 0.45 part of dl-t-butyl peroodde, CIS 
part of 2,2-bi6(t-butylperoxy)butane, 0.075 part of di-t-butyl peroxyhexahydroterephthalate and 1 .5 pans of torniic ackJ 
were added to 100 parts of a 52% by wel^ surface modeled coDolda] siDca-dlspersIng MMA solution obtained In the 

30 same manner as in Example 1 to prepare a mixed solution. In this mixed solution, a polymer content was 4.5% by 
weight (based on a resin content). 

This mixed solution was poured into a cell fomied by two glass plates so that a space therebetween nrught be 10 
mm, and prepdymerization was then carried out at 50^C for 3 hours to obtain a partially crosslinked gel-llkB polymer 
having a polymer content of 30.6% by weight (based on a resin content). 

SB Next, 60 parts of ATH (average particle diameter » 44 iim, trade name BW^. made by fOippon Light Metal Ca. 
Lid.) was added to 40 perls of this parHaily crosslinked gei-Uke polymer, and they were then mixed and kneaded at room 
temperature lor 30 minutes by a pressure kneader to obtain a molding material fiDed with an inorganicfaier. In thie mold* 
ing material. 10% by weight of a siDca soCd and 60% lay weight of ATH were blended. 

The thus prepared molding material was pressed in a pbte mold at a mold temperature of 130°C under an initial 

40 pressure of 20 kg^^ for 0.5 minute and then under an increased pressure of 150 Kg/cm^ for 14.5 ntinutes. In conse- 
quence, an artIf teiai marble was obtained which was not colored yelkiw or the Dke and was eoccelent in both of transpar- 
ent feeling and depth and which assumed a beautiful surface appearance. In addition, an oxygen Index of the artificial 
marble was 53, whteh meant that the arlif telal mart)le was excellent In flame retardancy. 

4B pxarDplftIg 

. The Game procedure as in Example 1 was conducted except that 50 parts of MMA, 25 parts of an MMA syrup pre- 
limirmrOy polymerized up to a polymerization ratio of 20%, 25 parts of a }iak>gen-containing condensed phosphate 
(trade name CR509, made by Daihachi Chemical Industry Co., Ltd., phosphorus content = 13.5% by weight or more, 
so ^»k>gen content » 24.0% by weight or more), 0.5 part of AVN and 300 parts of ATH were added to 1 00 parts of a 52% 
by weight surface mocfiied colloidal silica-dispereing MMA solution obtained in the same manner as in Example 1, 
thereby molding an artificial rrarble. In the thus obtained artificial marble. 10% by weight of a silica solid and 60% by 
weight of ATH were blended, but the artSicial marble was excellent In aesthetic properties. In addition, an oxygen Index 
of the artificial mMe was 60, which meant that the artif io'al marble wae very excellent in flame retardancy. 

ss 

Example 17 

0.01 part of an Iron oxUe pigment dispersion, which was prepared t)y stirrlngmixing 40 parts of a fine yellow pig- 
ment (a feiTic hydroxide pigment having an Fe^ content of about 62.5% by weighO and 1 0 parts of a black iron oxide 
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pigment (oontaviing 98% by w^m of fe^O^i wHti 50 parts of a soybean oil epoxide resin, was added to 1 00 parts of a 
casting nratoial obtained in the sune manner as in Example 2, and the result'ng mixture as ttie casting material was 
then treated by the same procedure as in Example 2 to mold an artificial marble. In the thus obtained artificial marble, 
10% by weight of a silica solid and 60% by weight of ATH were blended, but ihe artificial mart)le had a good appearance, 
5 l.a. It was semitiBrsparent and had a unHbrm light almond color. In addition, an oxygen index of the artSldat marble 
was 51 , which meant that the artificial maitle was exeeDent in flame retardancy. 

^fflmple 18 

10 0.2 part of a yeOow nylon flock having a length of 1 .3 nun and a fineness of 2 danler (whtdi was dyed with a yellow 
dyeing solution havrlng a dye concentration of 3% by weight) was added to 100 parts of a casting material obtained in 
the same manner as in Example 1 , and the resulting mixture as the casting material was then treated tsy the ^me pro- 
cedure as in Example 2 to mold an artificial mait>le. In the thus otstained artificial marble, 1 0% by weight of a sDlca sofid 
and 60% by weight of ATH were blended, but the artificial martale had a good appearance, i.e.. It was semHransparent 

75 and had a unHbrm yellow color. In adcfitlon, an oxygen index of the artificial marble was 52, which meant that Ihe artSi- 
cial nwble was excellent in flame retardancy. 

so One part of active carbon (apparent specific gravity « 0.4) which was passed through 500 iim and was on 350 ^ 
of a J IS standard sieve was added to 1 00 parts of a casting material obtained In the same manner as In Example 2, and 
the resulting mixture as the casting material was then treated by the same procedure as In Example 2 to moid an ard- 
fic'al marble. In the thus obtained artffidal rnsMe, 10% by weight of a silica solid and 60% by weight of ATH were 
blended, but the arlif ictal narble had a good appearance which was simflar to granite having a uniform black spot pat- 

2s tern. In additioa an oxygen index of the artiTicial maitle was 53. which meant that the artificial maitle was excellent in 
flame retardancy. 

Example 20 

$0 The same procedure as in Example 1 was conducted except that 50 parts of an MMA syrup preliminarily polymer- 
ized 14) to a polymerization ratio of 20%. 0.5 part dAVN. 250 parts of ATH and 100 parts of a mixture [which was oon- 
stiluted of 45% by w^ht of an opaque calcined talc (optical den^ to visible light - 2.0 or more, average particle 
diameter e 560 |im}. 20% by weight of opaque magnetite (optical density Id visible light = 2.0 or more, average particle 
diameter a 580 |im) and 35% by weight of samHransparent woilastonlte (optical density to viable Oght s 1 .2^0.1 . aver- 

35 age particle diameter » 340 pm)] were added to 100 parts of a 52% by weight surlace modified colloidal silica-dispers- 
ing mAA solution obtained in the same manner as in Example 1. thereby obtaining an artificial marbia In the thus 
obtained artificial maible, 10% by weight of a silica solid. 50% by wa'ght of ATH and 20% by weight of the other inor- 
ganic sitetances were blended, but its appearance was similar to natural granita In addition, an oxygen index of the 
artificial mari^le was 56, which meant that the artiricial marble was veiy exceiient in flame retardancy. 

40 

Example 21 

60 parts of ATH (average particle diameter » 44 Mm, trade rmme BW-33. n^e by Nippon Light Metal Ca, Ltd.) and 
0.5 part of methyl ethyl tetone peroxide were added to 40 parts of an unsaturated polyester resin prepdymer (trade 

4S name Polymert 3308PS, madet}y Takeda Chemical Industries. Ltd.). and they were then stirred. Aftenrard. the resulting 
mixture was poured into a moid, and then cured at room temperature to obtain a substantially transparent plate-fike 
cured mater^l. A parallel light transmittance of this plate-Oke cured material was measured in the form of its sheet fw- 
Ing a thickness of 2 mm tiy a measurement method A in accordance with JiS K-7105, and as a result, it was 12.3%. 
This cured material was ground to obtain substantially transparent particlee having a particle diameter of 0.5 to 3 mm. 

so rtadL Ihe same procedure as In Example 1 was conducted except that, to 100 parts of a 52% by weight surface 
modified cdtoidal silica-dispersing MMA sdutton obtained in the same manner as in Example 1 were added newly 50 
parts of f^MA. 50 parts of substantially transparent particles. 0.5 part of AVN and 300 parts of ATH, thereby obtaining 
an artificial marisle. In the thus obtained artificial marble. 1 0% by weight of a silica solid and 66% by weight of ATH were 
blended, but its appearance was similar to naturar stone. In additk>n, an oxygen index of the artificial martsle was 65. 

ss whtehmeartt that the artiilclal marble was very excellent In flam retaidancy. 

Example 22 

1 0 parts of an MMA syrup preliminarily polymerized up to a polymerization ratio of 20%. 70 parts of styrene and 20 
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parts of eydohexyl methacrylale were added to 100 parte of a 52% by weight surface modified colloidal siGca-dispers- 

ing MM A solution obtained in the same nrianner as in Example 1, and Itiey were mixed a stin-er to prepare a 26% by 
weight surface modHied coibidal silica dspersion. A refracdv index at room temperature of a soTidlfied sibstance of 
this dispersion was 1.53. 

6 Next. 60 parts of ATl-t and 0 . 1 part of AVN vrare added to 40 parts of the thus obta] ned 26% by weight surface mod- 
ified colloidal eifica dispersion, and they were mixed by the stiirer to prepare a casting material In this casting material, 
1 0% by weight of a sQica solid and 60% by weight of ATH were blended. 

The thus prepared casting material was molded in the same manner as in Example 1 to obtain a desired artificial 
marble. Tills obtained artificial nrarble had a light yellow onyx-like transparent feeling, which meant that H was very 
10 excellent In aesthetic properties. In addition, an oxygen Index of the artificlai maible was 53, which meant that the arti- 
ficial maitle maintained a very high flame retardancy 

As desabed alxsve. in the present invention, a ooOoidal metal oxide Iwing an average particle diameter of 1 to 
1 0O nm can be stably uniformly dispersed in the state of substantially primary particles in a polymer without cohering, 
and therefbr, even if blended with the polymer, the metal csdde can easily be filled In a high ratio without increasing the 
75 viscosity of the system. Even when the metal oxide is filled in a high ratio in such way. an obteiined artificial mart)le can 
hold a very high flame retardancy. maintaining transparent feeling without impairing aesthetic properties (transparent 
feeling, shielding properties and surface appearance) pecuOar to the artHlclal marble. 

Claims 

1. An artificial marble which comprises a pdymer of a radical polynrartzable vinyl compound (a), an inorganic fiOer 
(B) having an average partide cfiameter of 1 pm or more, and a colloidal metal oxide (C) iiaving an average particle 
diameter of 1 to 100 nm, the metal oxide (C) being unitormty dispersed in the state of substantially primary particles 
in the polymer (A). 

2. The artificial ma!t>le according to Claim 1 wherein the polymer (A) contains a polymer obtained by polymerizlr^ at 
least one compound selected from methacryilc acid esters, the amount of the potynw bmg 50% by weight or 
more based on thetotal weight of the polymer (A). 

50 3. The artificial marble aoconcfing to Claim 1 wherein the polymer comprises vinyl chioride-vinylidene chloride 
oopdynner In an amount of 5 to 40% by weight and a polymer containing methyl nrwttaciylala asa main component 
in an anfiourt of 95 to 60% weight based on the total we^ht cf the polyn^ 

4. The artffldal marble according to Claim 1 wherein the polymer (A) comprises acrylonitrilMtyrene oopdymer In an 
S5 amount of 5 to 40% by weight and a polymer containing methyl methacrylato as a main component in an anxnint 

of 96 to 60% by weight based on the total weight of the polymer (A). 

5. The artifldal mart^le according to Claim 1 wherein tiie polymer (A) is a copolymer which comprises two or more 
monomeiB selected from the group consisting of cydohexyl methacryiate. mWiyi methacrylate, 2-ethy1hexyl meth- 

40 acrylate and styrene and whose refractive index is in the range of 1.51 to 1 ^ at room temperature. 

6. The artificial marble according to Claim 1 wherein the polymer (A) is a polymer obtained by polymerizing a mixture 
which oorrpises (1) 65 to 45% by weight of a rrvsnomer mbclure ocffifxising 30 to 80% by weight of an aliphatic poly- 
functional methaaylate and 70 to 20% by weight of an aromatic compound haying an ethyl&iic unsaturnted bond 

4S fri a nrwlecule, and (0) 35 to 59)& by weight of an aromatic compound polymer having an etf^lenic unsaturated tx}nd 
In a molecule and whose refractive Index Is In the range of 1 .55 to 1 .57 at room temperature. 

7. The artificlai marble accxirding to Claim 1 wherein the colloidal metal oxide (C) is at least one selected from the 
group consisting of cdloidal sirtca. colloidal antimony oxide and odlok^ 

BO 

8. The artificial marble according to Claim 1 which comprises the polymer W i'l ^ amount of 15 to 50% by weight, 
the inorganic filler (B) in an amount of 45 to 75% by weight, and the colloidsd nrietal oxide (C) in an anxnjnt of 5 to 
30% by weight based on the total weight of the artificlai marbia 

Bs 9. The artificial marble according to Qaim 8 wherein the total of the Inorganic filler (B) and the metal oodde (C) Is In 
the range of 50 to 85% by weight based on the total weight of the artifbal maitle and a weight ratio of (B)/(C) is in 
the range of 1 .5 to 1 5. and the polym r (A) contairs a polymer obtained by polymerizing at least n compound 
selected from the methacryilc add esters, th amount of the contained polymer being 50% by weight or more 
based on th total weight of the polymer (A). 
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IOl The artificial marble acoondiriQ to Claim 1 wherein an oxygen index of the artificial marble measured by a procedure 
deacribed In JIS K-7201 is 45 or mora. 

11. The artificial maibie accoiding to C^m 1 which further contains at least one flame retardant (D) selected from the 
5 group consisting of chlorine-containing flame relardants, brondne-oontaining flame retaidants, phosphorus con- 
taining flame retarctonts and inorganic flame retaidants. 

1Z The artificial marble according to Claim 1 which further contains an iron codde pigment (E) having an average par- 
tide diantater of 10 |im or lees. 

10 

iZ. TTie artHicial maitle according to Claim 1 which further oontains a short colored fber (JF) ha^ng a length of 0.2 to 
ISmmandafineneesol 1 to 300 denier. 

14. The artif idal marble according to Claim 1 which further oontains a carbon particles (G). 

15 

16. IhB artrfictal maible according to Claim 1 which further oontains an opsque partides (H) in which a shortest length 
is 200 iim or more and an optical density to visible light is 2.0 or more, and at least one kind of partides (I) selected 
from the group consisting of semitransparent particles and transparent partides in which a shortest length is 200 
^m or more and an opHcal density to visible li^ is in the range of 2.0 or less. 

20 

16. The artificial mait)le acoordinglD Claim 1 which fkjrttwr contains siibstantiailytranqwent paitldee (J) comprising 
1 5 to ^% by weight of a resin composition and 85 to 40% by weight of an inorganic filler, and having a partlde 
(Samper of 0.2 to 5 nm 

29 17. A method for preparing an artificial marble which comprisee the steps of hydrolyzing and polycondensing at least 
one sllane compound (IQ represented by the following formula (0 In a dspersion comprising a colloidal metal codde 
(C) having an average partide diameter of 1 to 1 00 nm and a dispersing medium to modify the surfaces of the col- 
loidal metal oxide (C). replacing the (Aspersing medium with a radical polymerizable vinyl compound (a), further 
adding an Inorganic filler and then polymerizing and curing the radical pdymerbaUe vinyl oompound (a): 

30 

wherein and each is a hydrocarbon group having 1 to 10 cart)on atoms which may have an ether llnKage, an 
ester linkage, an amirx) groups a mercapio group, a halogen atom or a carbon-cartxNi double bond; Is a hydro- 
3s gen atom or a hydrocarbon grnup having 1 to 10 cartoon atoms which may have an ether linkage, an eeter linkage 
ore cartx)n-cart»n double bond; a and b each is an integerof 0 to3; and c Is 4-a-b and an integer of 1 to 4. 

18. A method tor preparing an artifldal mart^ie which comprises the steps of repladng a dtepersing mecGum in a disr 
per^ comprising a coitoidal metal oxide (C) having an average partide cfiameter of 1 to 100 nm and the dispers- 
40 ing medium with a radical polymerizable vinyl compound (a) containing at least one selected from the group 
consisting of a radteat polymerizable vinyl compound havbng one or more hydroxy groups In its molecule and a rad- 
ical polymerizable vinyl compound having one or more epoxy groups capable of generating the hydroxy groups in 
its molecule, adding an Inorganic filler (B), and then pofymerizlng and curing the radical polymerizat^la vinyl com- 
pound (a). 

45 



so 



ss 



19 



EP0 786440A1 



Fig. 1 



EP0788440A1 




EP0786440A1 



INTERNATIONAL SEARCH REPORT 



Intemtioiial ■i^icfttioD No* 

PCT/JP95/02097 



A. CLASSIFICATION OF SUBJECT HATTER 

Int. Cl^ C04B26/04, 14/02, 14/04, 14/36, 16/06, 20/02, 111:54, 
C08F20/10, C08K3/22, 3/36, C08L33/10, 101/00 
Aflcpffing ID InteiMticiiMl PtttPt QiiriBcMiop (IPQ or to berth atlioial cUiAficitton tad IPC 



B. FIELDS SEARCHED 



MUsmiD donimfntjiiott anidied (cbwifiaaica ijniea fallawBd by dissificaiioa lynboli) 

Int. Cl6 C04B26/04, 14/02, 14/04, 14/36, 16/06, 20/02, 111:54, 
C08F20/10, C08K3/22, 3/36, C08L33/10, 101/00 



IMUCllBllcMtNIlllftOBUlUIBIIID dO CBBOTtH i ft P t> ibc ( 

Jltsuyo Shinan Koho 
Kokai Jitsuyo Shlnan Koho 



II Ihit such docmcBti uc iadudsd b die fiddi 
1926 - 1995 
1971 - 1995 



EbdMkdati taMeeoondfiDddirinf diBiaietMdoBalicifcb(aaneerdAtt teMMd, whenyttc^^ 
mi, WPl/L 

colloid, colloidal, sol, IC«C04B-026, C08K-003/22, 003/36, 
COBL-033/10 



a DOaJMB«nS CONSIDERED TO BE RELEVANT 



GlitiaB of doonicflt, with ifldiatiOB. win ■ppfopriilB^ 



RdmrntDdiinNa 



JP, 52-39737, A (Imperial Chemical Indii&tries 
Ltd.) , 

March 28, 1977 128. 03. 77) 

& BE, 846353, A & NL, 7610422, A 

& DE, 2642450, A & FR, 2325667, A 

JP, 3-285854, A (Kuraray Co., Ltd.), 
December 17, 1991 (17. 12. 91), 
Claim (Family: none) 



1 - IB 



1 - IB 



"1 Fiutiter^ocUBMBbAmKitediaibecxmliatttioadrBttiC Q SeeptttntCiiiiilyaoaM. 



ir fiuUvdocuniihmpBlUibedoBoranvteJauttienll^ "X" dooanut of TWitoite ttteWD Oc; tty dtiM d lawniiw comi> 

ciiBd lo«8tibIiibiheBaHic«loBdw&nBdardtiteftOf ur Doeoinew » iiwi iro 

•OQ<«ipMiOftd) doc«DeaiefptiiiailviBlsviici;fheclalBediaveMionauMte 
rMk to u eal dtadMon. ml or edte ttatMmd l» iavolw u lom&dvc tmp when ite daciBMl I* 

BBMilaWWItUOiltOf BlBfBOIPCTflUeaO^ 

ckilhdiBihvvt 



tepilDiiqrdM 



Wifohviowioai 
"A** doeamtasmBberorODf 



Diie of the tclBil ooflspJeiiao of die jnienatiooal seaicb 
December 26, 1995 (26. 12. 95) 



D&te aCmdliiig of ibe intenutiomJ teuch rq>ort 
January 30, 1996 (30. 01. 96) 



Name Mid mtilmg address of the ISA/ 

Japanese Patent Office 
Faoioilk No. 



AtitborizedoflicBr 



TdephooeNo. 



Foim rcr/ISA/210 (B«ebBd sheet) (Inly 1992) 



22 



